In 2002, Intan and Mukaidono proposed Knowledge-based Fuzzy Sets (KFS) as an extended concept of the fuzzy set. Here, the membership function of a fuzzy set is subjectively determined by the knowledge. Wang et al. (1988) generalized the concept of fuzzy set, called Dynamic Fuzzy Sets (DFS). In the DFS, the membership degree of an element might dynamically change according to the time's variable. Both extended concepts of fuzzy sets were then combined by Intan et al. to be a hybrid concept, called Knowledge-based Dynamic Fuzzy Set. The concept is regarded as a more generalization of fuzzy sets by considering that the membership function of a given fuzzy set provided by a certain knowledge may be dynamically changed over time as usually happened in the real-world application. To continually extend the concept of knowledge-based dynamic fuzzy sets, this paper discusses how the fuzzy granularity is constructed in the knowledge-based dynamic fuzzy sets. The concepts of objectivity and consistency are discussed, along with their proposed measures.
INTRODUCTION
L.A. Zadeh introduced the concept of fuzzy set in 1965 [1, 2] as a generalization of crisp sets regarding the membership degree of elements. Here, the membership degrees of elements in a fuzzy set is given gradually by a real number started from 0 (non-member) to 1 (member).
In the concept of fuzzy sets proposed by L.A. Zadeh, the membership degree of an element given by a membership function is unchangeable regarding the time variable. However, it is well known that in the real-world application, everything is always changing dealing with time. Thus, the membership degree of an element is also possibly changeable anytime. To present this reality, Wang et al. (1988) [3, 4] introduced Dynamic Fuzzy Sets (DFS). The DFS might be considered as an extended concept of fuzzy sets, for each membership degree of an element in DFS is dynamically changeable dealing with time's variable. Here, the DFS may also be considered as multi-fuzzy sets by means that every time a given fuzzy label may have different fuzzy sets represented by different membership functions dealing with time variable.
As discussed by [5, 6, 7] , the probability is a concept to solve the problem of objective uncertainty. On the other hands, fuzziness is regarded as a concept to represent a subjective uncertainty. A certain knowledge subjectively determines the membership degree of an element in a given fuzzy set. To realize this situation, [5, 6, 7] introduced an extended concept of fuzzy sets, called Knowledge-based Fuzzy Sets (KFS). Like the DFS, the KFS may also be considered as multi-fuzzy sets by means that every fuzzy label may have different fuzzy sets represented by different pieces of knowledge. Here, we may consider fuzziness as a deterministic uncertainty by means that even in an uncertain (unclear) situation or definition of a given object, a person through his/ her knowledge may be subjectively able to determine the object. Therefore, a given fuzzy label may have n different membership functions (fuzzy sets) based on n different pieces of knowledge.
Since DFS and KFS are two extended concepts of fuzzy sets with different interpretations, it is possible to combine them to provide a more general concept. In this case, a membership function of a fuzzy set given by a specific knowledge is possibly changeable over time. Therefore, both extended concepts of fuzzy sets were then combined by Intan et al. [6] to be a hybrid concept, called Knowledge-based Dynamic Fuzzy Set (KDFS). The concept is regarded as a more generalization of fuzzy sets by considering that the membership function of a given fuzzy set provided by a specific knowledge may be dynamically changed over time as usually happened in the real-world application. We may consider the KDFS as a concept of two-dimensional multi-fuzzy sets dealing with time and knowledge. Three kinds of summary fuzzy sets provided by the aggregation functions were proposed and discussed. Also, some basic operations and properties of KDFS such as equality, contentment, union, intersection and complement were defined and examined. This paper discusses how the fuzzy granularity, e.g. the crisp and fuzzy coverings of pieces of knowledge is constructed in the knowledge-based dynamic fuzzy sets. Crisp and fuzzy similarity classes of pieces of knowledge are created based on the conditional probability relations. The concepts of objectivity and consistency are discussed, along with their proposed measures.
KNOWLEDGE-BASED DYNAMIC FUZZY SETS (KDFS)
Intan et al. [8] introduced an extended concept of fuzzy sets, called Knowledge-based Dynamic Fuzzy Sets as a hybrid concept between dynamic fuzzy sets and knowledge-based fuzzy sets. The concept presented the practical world application that a particular membership function of fuzzy set given by a specific knowledge may dynamically changeable over the time. The following definition formally defines knowledge-based dynamic fuzzy sets.
Definition 1 Let be a universal set of elements, be a set of pieces of knowledge and ⊆ be a set of time, where 0, ∞ . Then a knowledge-based dynamic fuzzy set on based on the knowledge ∈ , denoted by , is defined and characterized by the following membership function.
Related to (1), , ∈ 0,1 is the membership degree of element ∈ in fuzzy set based on knowledge ∈ at the time ∈ . Similarly, , 1 means u is a full member of based on at the time . On the other hand, , 0 means ∈ is not a member of . Thus, the membership degree of an element u in may also vary depending on both the knowledge and the time . Here, ∈ is regarded as a knowledgebased dynamic fuzzy set of which is based on knowledge at the time .
is also a similar concept to the fuzzy set defined by Zadeh in 1965 [7, 8] , where is a fuzzy power set of . Set of knowledge-based dynamic fuzzy sets on , denoted by is given by | ∈ , ∈ .
The relation among dynamic fuzzy sets, knowledge-based fuzzy sets and knowledge-based dynamic fuzzy sets was discussed by Intan et al. in [8] . Also, fuzzy summary sets, namely the timebased summary fuzzy set, the knowledge-based summary fuzzy set and general summary fuzzy set were proposed and discussed in detail using some proposed aggregate functions. Some basic operations and properties in the relation to the summary fuzzy sets are discussed and examined.
Basic Operations and Properties
As defined and proposed in [8] , some basic operations of the knowledge-based dynamic fuzzy sets were discussed and defined as follows.
Definition 2 Let U be a universal set of elements, K be a set of pieces of knowledge and T ⊆ R be a set of time, where 0, ∞ . and are two fuzzy sets on . The following equations give some basic operations and properties of Equality, Containment, Union, Intersection and Complementation.
, where is fuzzy power set on .
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More basic operations and properties related to the summary fuzzy sets could be found in [3] .
GRANULARITY OF KNOWLEDGE
As discussed by Intan and Mukaidono [5, 6, 7] in proposing the concept of knowledge-based fuzzy sets, the granularity of knowledge was constructed to obtain the similarity classes of knowledge. All knowledge in a specific similarity class will consider having a similar perception subjectively toward a given fuzzy set. Through the similarity classes of knowledge, this paper discusses and introduces three necessary measures, namely Objectivity Measures, Individuality Measures and Consistency Measure in the knowledge-based dynamic fuzzy sets. Here, the similarity classes of knowledge are provided by a fuzzy conditional probability relation [5, 6, 7] which is an asymmetric relation as defined by Definition 3.
Definition 3 A fuzzy conditional probability relation is a mapping, : → 0,1 such that for , ∈ ,
where , means the degree supports or the degree is similar to or similarity degree of given .
An interesting mathematical relation characterizes the concept of fuzzy conditional probability relation. This relation is called weak fuzzy similarity relationship and defined as follows. where is an ordinary set of elements and is fuzzy power sets of .
Furthermore, in the relation to (2), similarity degree of given concerning fuzzy set in time is given by the following equation.
It can be followed clearly that the degree of similarity between two knowledge satisfy the following properties.
Property (r1) is to prove that both knowledge, and are the same, and it is similar to Equality (6). (r2) shows that covers , or contains in . It means that in all the time, gives a higher degree of membership for all element of all fuzzy sets than , and it is the same as Containment (12). Property (r3) points to similar cardinality between and for all fuzzy sets in all the time. On the other hand, (r4) means the cardinality of all fuzzy sets and all the time is given by is always less or equal to . As related to the weak fuzzy similarity relation, (r5) is the property of reflexivity. (r6) is a conditional similarity, and (r7) is a conditional transitivity.
Using degree of similarity between two pieces of knowledge as calculated by (3), two asymmetric similarity classes of a given element of knowledge . Definition 4 Let be a non-empty universal set of knowledge, and be a fuzzy set on . For any ∈ , , and , are defined as the set of knowledge that supports and the set supported by at time ∈ , respectively by:
OBJECTIVITY AND CONSISTENCY MEASURES
